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(57) ABSTRACT

The present disclosure relates to a method for manufacturing
a trench-gate MOSFET. In the method, a first trench is
formed in a first region and a second trench is formed in a
second region in an epitaxial layer. A first well is formed in
a bottom surface of the first trench in the first region, and a
body region is formed in the epitaxial layer in the second
region, simultaneously in one ion implantation process with
one mask being used. Thus, the method reduces a number of
masks and simplifies ion implantation processes, thereby
reducing manufacturing cost.
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METHOD FOR MANUFACTURING
TRENCH-GATE MOSFET

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Chinese
Patent Application No. 202111121658.4, filed on Sep. 24,
2021, which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to semiconductor
devices, and more particularly to a method for manufactur-
ing a trench-gate MOSFET.

BACKGROUND

[0003] Power semiconductor devices, also known as
power electronic devices, include power diodes, thyristors,
vertical double diffused metal oxide semiconductor (VD-
MOS) field effect transistors, lateral diffused metal oxide
semiconductor (LDMOS) field effect transistors, and insu-
lated gate bipolar transistors (IGBTs), etc. A VDMOS field
effect transistor includes a source region and a drain region
formed on opposite surfaces of a semiconductor substrate.
[0004] Current flows along a vertical direction of the
semiconductor substrate in an on state.

[0005] On the basis of the VDMOS field effect transistor,
atrench-gate MOSFET is further developed. A voltage range
of the trench-gate MOSFET is from 30V to 150V. A high-
voltage shielded trench-gate MOSFET of 150V has a cell
region and a terminal structure for meeting the high voltage
requirement. A conventional process of forming the terminal
structure requires additional masks and ion implantation
processes. Thus, it is desirable to further simplify the manu-
facturing process and reduce the manufacturing cost.

SUMMARY

[0006] In view of the above problems, it is an object of the
present disclosure to provide a method for manufacturing a
trench-gate MOSFET, in which ions are implanted into a
bottom surface of a first trench in a first region and into a
surface of an epitaxial layer simultaneously to reduce a
number of masks and simplify ion implantation processes,
thereby reducing manufacturing cost.

[0007] According to an aspect of the present disclosure,
there is provided a method for manufacturing a trench-gate
MOSFET, comprising: forming an epitaxial layer of a first
dopant type on a first surface of a substrate of a first dopant
type; etching the epitaxial layer to form a first trench in a first
region and a second trench in a second region; implanting
ions into a bottom surface of the first trench in the first region
to form a first well, and into a surface of the epitaxial layer
in the second region to form a second well as a body region,
the first well and the second well being of a second dopant
type opposite to the first dopant type; forming a first insu-
lating layer on a surface of the epitaxial layer and in the first
trench and the second trench, the first insulating layer
surrounding sidewall of the first trench and the second
trench to form cavities in the first trench and the second
trench; forming a polysilicon layer which fills the cavities,
and etching back the polysilicon layer to remove a portion
of the polysilicon layer in the second trench; etching back
the first insulating layer to expose an upper portion of the
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second trench; forming a gate dielectric on an inner wall of
the upper portion of the second trench, the gate dielectric
covering a remaining portion of the polysilicon layer in the
second trench; forming a gate conductor in the upper portion
of'the second trench; and forming a source region of the first
dopant type in the body region.

[0008] In the method for manufacturing the trench-gate
MOSFET according to the present disclosure, ions are
implanted into the bottom surface of the first trench in the
first region, and into the surface of the epitaxial layer in the
second region. The first well is formed in the bottom surface
of the first trench in the first region, and the body region is
formed in the epitaxial layer in the second region, simulta-
neously in one ion implantation process with one mask
being used. Thus, the method reduces a number of masks
and simplifies ion implantation processes, thereby reducing
manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above and other objects, features and advan-
tages of the present disclosure will become more apparent
from the following description of an embodiment of the
present disclosure with reference to the accompanying draw-
ings, in which:

[0010] FIGS. 1 to 10 show cross-sectional views in some
steps of a method for manufacturing a trench-gate MOSFET
according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0011] Various embodiments of the present disclosure will
be described in more detail below with reference to the
accompanying drawings. Throughout the various figures,
like elements are denoted by the same or similar reference
numerals. For the sake of clarity, various parts in the
drawings are not drawn to scale. In addition, some well-
known parts may not be shown. For the sake of simplicity,
the semiconductor structure after several steps may be
described in one diagram.

[0012] In a case that one layer or one region is referred to
as being located “on” or “above” another layer or another
region when a structure of a device is described, it means the
one layer or the one region is located above another layer or
another region, with or without additional layers or addi-
tional regions therebetween. Moreover, in a case that the
device is turned upside down, the one layer or the one region
will be “under” or “below” another layer or another region.
[0013] In a case that the one layer or the one region is
located directly on another layer or another region, the
expression will be “A is located directly on B”, “A is located
above and adjacent to B”, “A is located above and contacts
with B” or “A is located on an upper surface of B”.
[0014] Specific embodiments of the present disclosure are
described in further detail below, with reference to the
accompanying drawings and the corresponding embodi-
ments.

[0015] FIGS. 1 to 10 show cross-sectional views in some
steps of a method for manufacturing a trench-gate MOSFET
according to an embodiment of the present disclosure.
[0016] In this embodiment, the manufacturing method
begins with a substrate 110 of a first dopant type. Here, the
first dopant type may be an N type. The substrate 110 is a
substrate of N+ type. The substrate 110 may be, but is not
limited to, a silicon substrate, a silicon carbide substrate, a
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germanium silicon substrate, etc. Preferably, the substrate
110 is a silicon substrate. The substrate 110 includes a first
region (A) and a second region (B), wherein the first region
(A) is a terminal region and the second region (B) is a cell
region.

[0017] Step 1: An epitaxial layer 120 is formed on the
substrate 110 and trenches 101 are formed in the epitaxial
layer 120, as shown in FIG. 1.

[0018] In this step, an epitaxial layer 120 of the first
dopant type is epitaxially grown on a first surface of the
substrate 110 by an epitaxial process. The epitaxial layer 120
covers the first surface of the substrate 110 in a first region
and a second region. In this embodiment, the epitaxial layer
120 may be used as a drift region.

[0019] Further, trenches 101 are formed in the epitaxial
layer 120. In this embodiment, for example, a photoresist
layer is formed on a first surface of the epitaxial layer 120.
The photoresist layer is patterned by photolithography to
define openings of trenches. The epitaxial layer 120 is
etched through the patterned photoresist layer by an aniso-
tropic etching process to form trenches 101. Then, the
photoresist layer is removed.

[0020] In this embodiment, a depth of each of the trenches
101 is less than a thickness of the epitaxial layer 120. The
trenches 101 are located in the terminal region (A) and in the
cell region (B), respectively.

[0021] Step 2: lons are implanted into the epitaxial layer
120 through a mask 102 to form first wells 122 and second
wells 121, as shown in FIG. 2.

[0022] In this step, the mask 102 has openings which
expose a portion of the epitaxial layer 120. Specifically, the
openings in the mask 102 expose the trenches 101 in a first
region (A) of the epitaxial layer 120, and expose a portion
of the surface of the epitaxial layer 120 in a second region
(B) of the epitaxial layer 120. A portion of the surface of the
epitaxial layer 120 adjacent to the first region (A) and the
second region (B) is blocked by the mask 102. Further, ions
are implanted into the epitaxial layer 120 through the mask
102 by an ion implantation process to form first wells 122 at
bottom surfaces of the trenches 101 in the first region and to
form second wells 121 in the first surface of the epitaxial
layer 120 in the second region.

[0023] In this embodiment, the first wells 122 and the
second wells 121 are of a second dopant type, for example,
P-type, opposite to the first dopant type. The first wells 122
extend from the bottom surfaces of the trenches 101 in the
first region into the epitaxial layer 120.

[0024] The second wells 121 are located in a first surface
of the epitaxial layer 120 between adjacent ones of the
trenches 101 in the second region. The second wells 121 are,
for example, body regions of the resultant device. Thus, in
this step, the first wells 122 in the first region and the second
wells 121 in the second region are formed simultaneously, so
that an additional step of forming the body region can be
omitted, thereby simplifying the manufacturing process
while reducing the manufacturing cost.

[0025] Step 3: A first insulating layer 131 is formed on the
surface of the epitaxial layer 120 and in the trenches 101.
The first insulating layer 131 surrounds the sidewall of the
trenches 101 to form cavities 103 in the trenches 101, as
shown in FIG. 3.

[0026] The first insulating layer 131 is made of an oxide,
for example. The process for forming the first insulating
layer 131 includes thermal oxidation or chemical vapor
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deposition (CVD), or a combination of both processes.
Thermal oxidation includes hydrothermal oxidation (HTO)
or selective reactive oxidation (SRO). Chemical vapor depo-
sition (CVD) includes low pressure chemical vapor deposi-
tion (LPCVD) or sub-atmospheric chemical vapor deposi-
tion (SACVD).

[0027] The first insulating layer 131 is used as an isolation
layer between the polysilicon layer and the epitaxial layer
120 in the power semiconductor device. The first insulating
layer 131 forms on sidewalls of the trenches 101, which
include side surfaces and bottom surfaces of the trenches
101, and extends above the surface of the epitaxial layer 120.
The first insulating layer 131 surrounds the sidewalls of the
trenches 101 to form cavities 103 in the trenches 101.
[0028] A thickness of the first insulating layer 131 may be
varied for different trench-gate power semiconductor
devices with different withstand voltages. Typically, the
higher the withstand voltage, the larger the thickness of the
first insulating layer 131 is.

[0029] In this step, the thermal oxidation process may be
used for growing the first insulating layer 131. The first wells
122 at the bottom of the trenches 101 in the first region A
(i.e., the terminal region) may extend to be larger ones
because the ions are diffused outwards. In the following
steps, a plurality of high-temperature processes will be
involved in the manufacturing method. The first wells 122
will further extend and will be merged into a continuous
well, as shown in FIGS. 9 and 10, but not shown in FIGS.
4 to 8.

[0030] Step 4: A polysilicon layer 132 is formed in the
cavities 103, as shown in FIG. 4.

[0031] In this step, a polysilicon layer 132 is formed on a
surface of the first insulating layer 131 and in the cavities
103 by a deposition process. The polysilicon layer 132
includes at least one layer of polysilicon material, and fills
the cavities 103 in the trenches 101.

[0032] In this embodiment, in a case that the polysilicon
layer 132 is deposited in the cavities 103 for the first time but
has holes or slits, the polysilicon layer 132 may be etched
back and another polysilicon layer may be deposited to
obtain a polysilicon layer 132 with good filling effect.
[0033] Step 5: Aportion of the polysilicon layer 132 on the
surface of the first insulating layer 131 is removed, and the
polysilicon layer 132 in the second region is etched back,
and a second insulating layer 133 is deposited, as shown in
FIG. 5.

[0034] In this step, a portion of polysilicon layer 132 on
the surface of the first insulating layer 131 is removed by a
mechanical grinding process. The polysilicon layer 132 in
the cavities 103 is etched back in the second region by an
etching process, so that a portion of the polysilicon layer at
upper portions of the cavities 103 in the second region is
removed by etching.

[0035] Further, a second insulating layer 133 is formed on
a surface of the first insulating layer 131 and at the upper
portions of the cavities 103 in the second region. In this
embodiment, the second insulating layer 133 is made of an
oxide and fills the upper portions of the cavities 103.
[0036] Step 6: A portion of the first insulating layer 131
and a portion of the second insulating layer 133 on the
surface of the epitaxial layer 120 are removed, and a portion
of the first insulating layer 131 and a portion of the second
insulating layer 133 at upper portions of the plurality of
trenches in the second region are etched back, and a gate
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dielectric 134 is formed at upper portions of the trenches 101
in the second region, as shown in FIG. 6.

[0037] Inthis embodiment, a portion of the first insulating
layer 131 and a portion of the second insulating layer 133 on
the surface of the epitaxial layer 120 are removed by, for
example, a chemical mechanical grinding process. A portion
of the first insulating layer 131 and a portion of the second
insulating layer 133 at the upper portions of the trenches in
the second region are etched back by an etching process, for
example, wet etching. Thus, trenches 104 are formed at the
upper portions of the trenches 101. The trenches 104 expose
side surfaces of the upper portions of the trenches 101, and
expose the first insulating layer 131 and the second insulat-
ing layer 133 above the polysilicon layer 132.

[0038] Further, a gate dielectric 134 is formed by growing
an oxide layer by thermal oxidation, for example, on side
surfaces and bottom surfaces of the trenches 104. A thick-
ness of the gate dielectric 134 at the bottom surfaces of the
trenches 104 is greater than a thickness of the gate dielectric
134 on the side walls of the trenches 104.

[0039] Step 7: A gate conductor 135 is formed in the
trenches 104 in the second region, as shown in FIG. 7.
[0040] In this step, a gate conductor 135 is formed in the
trenches 104 by a deposition process. The gate conductor
135 fills the trenches 104 and extends on the surface of the
epitaxial layer 120. A chemical mechanical planarization
process may be used to remove a portion of the gate
conductor 135 on the surface of the epitaxial layer 120, so
that the surface of the epitaxial layer 120 is exposed again.
Each of the gate conductor 135 and the gate dielectric 134
has a top flush with the surface of the epitaxial layer 120.
[0041] Step 8: A source region 123 is formed below the
first surface of the epitaxial layer 120 in the second region,
and an interlayer dielectric 141 is formed on the first surface
of the epitaxial layer 120, as shown in FIG. 8.

[0042] In this embodiment, a process for forming the
source region 123 includes, for example, several times of ion
implantation, by implanting ions of the first dopant type into
the second wells 121 in the second region. Different dopants
may be selected for forming different types of doped
regions. Then, thermal annealing is carried out to activate
impurities. The source region 123 is a doped region of the
first dopant type, for example, an N type. In the process of
ion implantation, the gate conductor 135 in the trenches
defines lateral extension of the source region 123.

[0043] Further, the interlayer dielectric 141 is formed by a
deposition process on the first surface of the epitaxial layer
120. The interlayer dielectric 141 covers the surface of the
epitaxial layer 120 in the first region and the second region.
[0044] Step 9: Through holes 105 are formed, which
penetrate the interlayer dielectric 141 and expose the poly-
silicon layer 132, the gate conductor 135, and the source
region 123, respectively, and contact regions 124 are formed
at bottom surface of the through holes 105 in the source
region 123, as shown in FIG. 9.

[0045] In this step, through holes 105 are formed by an
anisotropic etching process, which penetrate the interlayer
dielectric 141. The through holes 105 expose the polysilicon
layer 132 in the trenches in the first region, the gate
conductor 135 in the trenches in the second region, and the
source region 123 in the epitaxial layer 120 in the second
region. Thus, the though holes 105 expose a top surface of
the polysilicon layer 132 in the trenches in the first region,
a middle portion of the gate conductor 135 in the trenches in
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the second region, and a middle portion of the source region
123 in the epitaxial layer 120 in the second region, respec-
tively.

[0046] Further, the source region 123 or the body region
121 at the bottom of the through holes 105 are doped to be
a second dopant type through some of the through hole 105
in the second region, thereby forming a contact region 124
at a lower portion of the source region 123 or at an upper
portion of the body region

[0047] As shown in FIG. 9, the first wells 122 at the
bottom of the trenches in the first region are shown as a
continuous well. This is because that a plurality of high-
temperature processes will be involved in the step shown in
FIG. 9 and before the step shown in FIG. 9, though no anneal
process is performed for diffusing the ions. Ions in the first
wells 122 are diffused outwards in the plurality of high-
temperature processes and the first wells 122 are merged into
the continuous well.

[0048] Step 10: A metal layer 142 is formed and then
patterned, as shown in FIG. 10.

[0049] In this step, a metal is deposited on a first surface
of the interlayer dielectric 141 by a deposition process, and
fills the through holes 105 and extends on the first surface of
the interlayer dielectric 141 to form a metal layer 142. The
metal layer 142 contacts the polysilicon layer 132 in the
trenches in the first region, and contacts the gate conductor
135 in the trenches in the second region, and contacts the
contact region 124 in the epitaxial layer 120 in the second
region, respectively. The metal layer 142 is patterned into
several portions. A portion of the metal layer 142 that
contacts the polysilicon layer 132 in the trenches in the first
region is separated from a portion of the metal layer 142 that
contacts the gate conductor 135 in the trenches in the second
region and a portion of the metal layer 142 that contacts the
contact region 124 in the epitaxial layer 120 in the second
region.

[0050] Meanwhile, the portion of the metal layer 142 that
contacts the gate conductor 135 in the trenches in the second
region is separated from the portion of the metal layer 142
that contacts the contact region 124 in the epitaxial layer 120
in the second region. Consequently, the several portions of
the metal layer 142 provide conductive paths to the poly-
silicon layer 132 in the trenches in the first region to the
source region 123 in the epitaxial layer 120 in the second
region, and to the gate conductor 135 in the trenches in the
second region, respectively.

[0051] After a front structure of the trench-gate MOSFET
is completed, a drain electrode is formed on the back surface
of the trench-gate MOSFET, which is in contact with the
drain region. Because the substrate 110 is used as the drain
region, the drain electrode may be in direct contact with the
semiconductor substrate 110 without using conducting vias.

[0052] In the method for manufacturing the trench-gate
MOSFET according to the present disclosure, ions are
implanted into the bottom surface of the trenches in the first
region, and into the surface of the epitaxial layer in the
second region. The first wells are formed in the bottom
surface of the trenches in the first region, and the body
region is formed in the epitaxial layer in the second region,
simultaneously in one ion implantation process with one
mask being used. Thus, the method reduces a number of
masks and simplifies ion implantation processes, thereby
reducing manufacturing cost.
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[0053] The embodiments according to the present disclo-
sure are described above, but the embodiments do not
exhaust all the details and do not limit the invention to only
the specific embodiments described. Obviously, according
to the above description, many modifications and changes
can be made. These embodiments are selected and specifi-
cally described in this specification in order to better explain
the principles and practical disclosures of the present dis-
closure, thereby enabling those skilled in the art to make
good use of the present disclosure and modifications based
on the present disclosure. The present disclosure is limited
only by the claims and their full scope and equivalents.
What is claimed is:
1. A method for manufacturing a trench-gate MOSFET,
comprising:
forming an epitaxial layer of a first dopant type on a first
surface of a substrate of a first dopant type;
etching the epitaxial layer to form a first trench in a first
region and a second trench in a second region;
implanting ions into a bottom surface of the first trench in
the first region to form a first well, and into a surface
of the epitaxial layer in the second region to form a
second well as a body region, the first well and the
second well being of a second dopant type opposite to
the first dopant type;
forming a first insulating layer on a surface of the epitaxial
layer and in the first trench and the second trench, the
first insulating layer surrounding sidewall of the first
trench and the second trench to form cavities in the first
trench and the second trench;
forming a polysilicon layer which fills the cavities, and
etching back the polysilicon layer to remove a portion
of the polysilicon layer in the second trench;
etching back the first insulating layer to expose an upper
portion of the second trench;
forming a gate dielectric on an inner wall of the upper
portion of the second trench, the gate dielectric cover-
ing a remaining portion of the polysilicon layer in the
second trench;
forming a gate conductor in the upper portion of the
second trench; and
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forming a source region of the first dopant type in the

body region.

2. The method according to claim 1, wherein the step of
implanting ions into a bottom surface of the first trench in
the first region to form a first well, and into a surface of the
epitaxial layer in the second region to form a second well
comprises:

providing a patterned mask which shields the surface of

the epitaxial layer in the first region and the second
trench in the second region; and

implanting ions on a first surface of the epitaxial layer

through the patterned mask,

wherein the first well is formed by the ions implanted in

the bottom surface of the first trench; and

the second well is formed by the ions implanted in the

surface of the epitaxial layer.

3. The method according to claim 1, between the steps of
etching back the polysilicon layer and etching back the first
insulating layer, further comprising:

forming a second insulating layer on the first insulating

layer, the second insulating layer filling the cavity in the
second trench.

4. The method according to claim 1, after the step of
forming a source region of the first dopant type in the body
region, further comprising:

forming an interlayer dielectric on a first surface of the

epitaxial layer;

forming through holes which penetrate the interlayer

dielectric, and which expose the polysilicon layer in the
first region and the gate conductor and the source
region in the second region, respectively;

forming a contact region of the second dopant type in the

source region via one of the through holes; and
forming conductive vias which contact the polysilicon

layer in the first region and the gate conductor and the

source region in the second region, respectively.

5. The method according to claim 1, wherein the first
dopant type is of an N type and the second dopant type is of

a P type.



